Background--The latest guidelines do not make clear recommendations on the selection of antiplatelet therapies for long-term secondary prevention of stroke. We aimed to integrate the available evidence to create hierarchies of the comparative efficacy and safety of long-term antiplatelet therapies after ischemic stroke or transient ischemic attack.
S
troke is the second most common cause of death and the third most common cause of disability worldwide. 1, 2 As stroke mortality has decreased over the past 2 decades, the absolute number of stroke survivors has increased and is huge. 3 Given the high recurrence rate, secondary prevention of future stroke among these survivors plays a pivotal role in reducing disease burden. 4 The use of antiplatelet agents is the standard treatment for patients with noncardioembolic ischemic stroke or transient ischemic attack (TIA). 4 A number of randomized controlled trials (RCTs) have tested different antiplatelet mono-and dual therapies in secondary prevention after ischemic stroke or TIA ; however, comparisons of some antiplatelet therapies are currently lacking. Several pairwise meta-analyses were performed previously to compare the efficacy of antiplatelet agents for the secondary prevention of stroke. [29] [30] [31] These studies, however, could not generate clear hierarchies for the efficacy and safety of all available antiplatelet therapies because many antiplatelet treatments have not been compared head to head and because such analyses could not integrate all of the evidence from several comparators. Using a statistical technique called network meta-analysis, we were able to take advantage of both direct (head-to-head) and indirect evidence and formally compare all existing therapies. 32, 33 Two previous network meta-analyses were conducted to compare the efficacy of antiplatelet therapies among stroke or TIA patients 34, 35 ; however, neither provided hierarchies for the efficacy and safety of antiplatelet therapies. The earlier study compared only a small number of antiplatelet therapies. 34 The
Data Sources and Search Strategy
A systematic literature search was conducted December 26, 2014 , by searching Medline via Web of Science, Embase and Journals@Ovid Full Text via OvidSP, and the Cochrane Library database for trials. We limited our search to RCTs conducted in humans. Details of our search strategy are provided in Table S1 . The search strategy in the current study was similar to those used in previous studies. 37, 38 Study Selection
RCTs were eligible for inclusion if they met the following criteria: Antiplatelet monotherapy versus monotherapy or dual versus monotherapy was tested in adult patients (aged ≥18 years) with ischemic stroke or TIA and had a treatment duration of at least 1 year. Because network meta-analysis requires a reasonably homogeneous sample, 39, 40 we did not include those RCTs assessing antiplatelet therapy (mostly aspirin) versus placebo because such studies had a wide range of daily doses (aspirin, from 75 to 1500 mg). 41, 42 Another reason is that the evaluation of antiplatelet therapy versus placebo becomes less important. Initially, titles alone were reviewed for suitability. The abstracts of suitable titles were obtained and reviewed for suitability for full-text retrieval. Data were then extracted from suitable full-text reports. Additional appropriate reports were added when discovered by citation tracking.
Data Extraction and Quality Assessment
Data were independently extracted and assessed by 2 authors (F.Z. and B.Z.) using a predetermined data collection template. To resolve discrepancies about inclusion of studies and interpretation of data, a third investigator (W.X.) was consulted, and consensus was reached by discussion.
The primary efficacy outcome was stroke recurrence, including ischemic, hemorrhagic, and unknown stroke, and fatal and nonfatal stroke. The secondary efficacy outcome was the composite outcome of vascular events and allcause or vascular mortality. The safety outcomes were intracranial hemorrhage and major bleeding. The definitions of the 4 outcomes in included trials are summarized in Table S2 .
Study quality was independently assessed by 3 reviewers (F.Z., B.Z., and X.S.) who used the Cochrane Collaboration's risk-of-bias method. 43 Figure S1 shows the risk of bias of the included trials.
Data Synthesis and Analysis
Network meta-analysis combines direct and indirect evidence for all relative treatment effects and provides estimates with maximum statistical power. [44] [45] [46] [47] We fit the models within a Bayesian framework using WinBUGS software (version 1.4.3). 48 The models, the WinBUGS codes, and R routines used in this study were open and could be found online. 49 Convergence was assessed by running 3 Markov chains, and all results pertain to 100 000 Markov chain Monte Carlo cycles after a 10 000-simulation burn-in phase. Relative effect sizes were calculated as odds ratios (ORs) with corresponding 95% credible intervals. We assessed the fitness of our model using the deviance information criterion, a measure of model fitness that penalizes model complexity. If the tradeoff between model fitness and complexity favored the model with assumed consistency, this model was preferred (smaller deviance information criterion values correspond to more preferable values). 50 As shown in Table S3 , the assumption of consistency was supported for each outcome by a better tradeoff between model fitness and complexity (a smaller deviance information criterion value) when consistency was assumed rather than when it was not. We used the surface under the cumulative ranking curve, or SUCRA, probabilities to rank the antiplatelet therapies: 47, 51 SUCRA is a proportion expressed as the percentage of efficacy of an intervention on the outcome that would be ranked first without uncertainty, which equals 100% when the treatment is certain to be the best and 0% when it is certain to be the worst. 47 The network results were assessed for consistency by comparing them with the results of pairwise meta-analyses. Furthermore, we estimated inconsistency as the difference between direct and indirect estimates (called the inconsistency factor) and the corresponding 95% confidence interval (CI) for inconsistency factor in each closed loop by using the R code ifplot.fun, which could be found online. 52 Inconsistent loops are those that present inconsistency factors with 95% CIs incompatible with zero. Pairwise metaanalyses were performed by using STATA (version 11; Stata Corp) within a random-effects framework that takes study heterogeneity into account to generate the pooled OR and 95% CI. The percentage of variability across studies attributable to heterogeneity beyond chance was estimated using the I 2 statistic.
We did sensitivity analyses on the primary efficacy outcome to explore whether the results of the present network meta-analysis were sensitive to certain restrictions on the data included. Those planned in advance were restricted to double-blind trials (n=18) and true randomization and allocation-concealed trials (n=16). Figure 1 shows the study selection process according to the PRISMA statement. The initial search and citation tracking identified 2678 publications. Fifty-five articles were reviewed by full text for details, and 31 of those were excluded. Finally, a total of 24 RCTs with 85 667 patients were included in the present network meta-analysis. Tables 1 and 2 summarize the characteristics of the 24 included trials. The following antiplatelet therapies were tested in the trials: cilostazol versus aspirin (3 trials with 3459 patients), 9, 11, 15 clopidogrel versus aspirin plus dipyridamole versus clopidogrel (1 trial with 20 332 patients), 22 aspirin plus dipyridamole versus dipyridamole (2 trials with 3490 patients), 13, 20 and aspirin plus ticlopidine versus ticlopidine (1 trial with 270 patients).
Results
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Network Meta-Analysis
The network of antiplatelet treatment comparisons for stroke recurrence is shown in Figure 2 . The network meta-analysis results for stroke recurrence and intracranial hemorrhage are reported in 
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Each cell gives an odds ratio (OR) and 95% credible interval. In the upper diagonal part, the OR compares the column condition with the row condition, and in the lower diagonal part, this OR compares the row condition with the column condition. Asp indicates aspirin; Cilo, cilostazol; Clop, clopidogrel; Dip, dipyridamole; NS, not specified; Sarp, sarpogrelate; Teru, terutroban; Tic, ticlopidine; Trif, triflusal. *Significant results. 
Each cell gives an odds ratio (OR) and 95% credible interval. In the upper diagonal part, the OR compares the column condition with the row condition, and in the lower diagonal part, this OR compares the row condition with the column condition. Asp indicates aspirin; Cilo, cilostazol; Clop, clopidogrel; Dip, dipyridamole; NS, not specified; Sarp, sarpogrelate; Teru, terutroban; Tic, ticlopidine; Trif, triflusal. *Significant results.
credible interval 0.39 to 0.95) and reduced major bleeding compared with aspirin, clopidogrel, terutroban, aspirin plus clopidogrel, and aspirin plus dipyridamole (Table 4 ). In addition, dipyridamole, ticlopidine, and triflusal caused significantly less major bleeding than aspirin; terutroban caused significantly more major bleeding than dipyridamole and triflusal; aspirin plus clopidogrel caused significantly more major bleeding than aspirin, clopidogrel, dipyridamole, ticlopidine, triflusal, and aspirin plus dipyridamole; and aspirin plus dipyridamole caused significantly more major bleeding than dipyridamole and triflusal. Table 5 shows the mean values of SUCRA probabilities that provided the hierarchies for the efficacy and safety of the 11 antiplatelet therapies. In particular, cilostazol displayed the best risk-benefit profile, with SUCRA probabilities of 0.9343, 0.9252, 0.9718, and 0.8850 for reducing stroke recurrence, composite outcome, intracranial hemorrhage, and major bleeding, respectively. Figures S2 through S5 show the ranking probability of each treatment for outcomes.
No inconsistent loop was identified in the analyses of inconsistency factor ( Figure S6 ).
Pairwise Meta-Analysis
We examined pairwise comparisons of all interventions with available head-to-head data. The results are presented in Figures 3 through 6 . In general, the results obtained from pairwise meta-analysis closely matched those of the network meta-analysis. Stroke recurrence, composite efficacy outcome, intracranial hemorrhage, and major bleeding were all significantly reduced by cilostazol versus aspirin. Among the 22 pairwise meta-analyses, each of which included at least 2 trials (Figures 3 through 6 ), significant heterogeneity was identified in 2 pairwise meta-analyses. One of the 2 pairwise meta-analyses compared ticlopidine with aspirin for preventing stroke recurrence (including 4 trials, I
2 =69.9, P=0.019) (Figure 3) , and the other compared ticlopidine with aspirin for composite outcome (including 4 trials, I 2 =73.1, P=0.011) (Figure 4 ). There was no evidence of heterogeneity across trials in the remaining 20 pairwise meta-analyses.
Sensitivity Analysis
The pooled risk estimates did not change substantially in the sensitivity analyses on the primary efficacy outcome from both network meta-analyses and pairwise meta-analyses. Tables S4 and S5 and Figures S7 and S8 show the full results of the sensitivity analysis.
Discussion
Our network meta-analysis provided evidence-based hierarchies for the efficacy and safety of long-term antiplatelet mono-and dual therapies among patients with ischemic stroke or TIA. It overcame the major limitation of conventional pairwise meta-analyses by combining direct and indirect evidence of relative treatments in the analysis.
Results from this study indicated that when compared with antiplatelet monotherapy, dual therapy was not associated with a reduction in stroke recurrence and composite outcome but rather with a significant increase in the risk of major bleeding, especially aspirin plus clopidogrel. In addition, our results showed that cilostazol displayed the Aspirin plus ticlopidine 0.3208 9 0.5937 3 ----SUCRA indicates surface under the cumulative ranking curve. *Ranking SUCRA probabilities in order as the best treatment, the second best, the third best, and so on, among the antiplatelet therapies.
best risk-benefit profile among the 11 antiplatelet treatments. The effects of dual therapy in short-and long-term prevention of recurrent stroke might be different. A recent meta-analysis that combined the results from 14 RCTs reported that dual therapy was more effective than monotherapy in reducing the risk of early recurrent stroke in patients with an index stroke in the previous 3 days. 37 The latest AHA/ASA guidelines also recommend that the combination of aspirin and clopidogrel might be considered for initiation within 24 hours of a minor ischemic stroke or TIA. 4 For longterm secondary prevention, however, the combination of aspirin and clopidogrel is not recommended by the AHA/ASA guidelines for routine long-term secondary prevention of stroke due to high risk of bleeding, 4 which is consistent with our results. Moreover, a recent pairwise meta-analysis based on 7 RCTs that involved 39 574 patients with ischemic stroke or TIA reported that antiplatelet dual therapy lasting >1 year is not associated with a greater reduction in overall recurrent stroke risk than monotherapy, and that finding also supported our results. 29 As far as we know, this network meta-analysis is the first to evaluate the efficacy and safety of long-term antiplatelet therapies after ischemic stroke or TIA and provides the most robust evidence in support of long-term monotherapy as a better choice than long-term dual therapy. The present study indicated that cilostazol had the best risk-benefit profile among 11 antiplatelet therapies and supported cilostazol as a possible therapeutic option to recommend for secondary prevention of stroke. In the CASISP trial, which included 720 Chinese patients with ischemic stroke within the previous 1 to 6 months, cilostazol reduced the rate of recurrent stroke compared with aspirin (hazard ratio 0.62, 95% CI 0.30 to 1.26), although the benefit was not significant. 9 The rate of any hemorrhagic event was also lower in the cilostazol group than in the aspirin group. 9 The CSPS 2 study in 2757 Japanese patients is another trial conducted in an East Asian population to compare the efficacy and safety of cilostazol and aspirin in patients with ischemic stroke.
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This trial found that cilostazol significantly reduced the recurrence rate of stroke compared with aspirin (hazard ratio 0.74, 95% CI 0.56 to 0.98) and that major bleeding events occurred in fewer patients on cilostazol than on aspirin (hazard ratio 0.46, 95% CI 0.30 to 0.71). 11 On the basis of this evidence, cilostazol has been approved by the China Food and Drug Administration for treatment of noncardioembolic ischemic stroke (license number H10960014), and the latest Chinese guidelines for secondary prevention of stroke recommends cilostazol (100 mg BID) as an alternative to aspirin. 53 Similarly, cilostazol is used in Japan for secondary prevention of stroke and is included in the Japanese guidelines for the treatment of ischemic stroke. 54 Cilostazol is not licensed in the United States for ischemic stroke or TIA treatment because the efficacy and safety of cilostazol have not been tested in non-East Asian patients. Generalizing the effect of cilostazol to other groups can be challenging because the risk of both ischemic and hemorrhagic stroke is higher in the East Asian population compared with other populations. Further trials in non-East Asian patients are needed to confirm whether cilostazol is effective and safe as a monotherapy for long-term secondary prevention after ischemic stroke or TIA. In addition, cost-effectiveness studies are also required to explore whether long-term use of cilostazol is cost-effective compared with other monotherapies. Two previous network meta-analyses have been conducted to compare the effect of antiplatelet therapies after ischemic stroke or TIA 34, 35 ; however, neither provided hierarchies for the efficacy and safety of antiplatelet therapies. In one of the studies, 34 Thijs et al found that the combination of aspirin and dipyridamole was more effective than aspirin, ticlopidine, and clopidogrel in the prevention of serious vascular events; this finding was not consistent with our analysis. We consider the main reason to be that 13 of the 24 trials identified by Thijs et al did not meet the inclusion criteria for our study because of placebo control or treatment duration <1 year. In addition, the network meta-analysis by Thijs et al excluded trials assessing triflusal, cilostazol, and sarpogrelate and did not report safety data. 34 In the other study, 35 Malloy et al reported that more overall hemorrhagic events seemed to occur with the combination of aspirin and clopidogrel than with other treatments, and that finding supported our results. Nevertheless, they found that aspirin plus dipyridamole was more protective than aspirin alone, which was not consistent with our results. Similarly, we consider the main reason to be that 9 of the 24 trials identified by Malloy et al did not meet the inclusion criteria for our study.
The main strength of our study is the inclusion of 24 RCTs with 85 667 patients, thus it is the largest evaluation of long-term antiplatelet therapies for stroke recurrence to date. Furthermore, the network meta-analysis based on a Bayesian model makes indirect comparison among multiple treatments available, especially when there are few trials for direct comparison between different antiplatelet therapies. Consequently, this study can provide evidence-based hierarchies for the long-term efficacy and safety of all available antiplatelet therapies among patients with ischemic stroke or TIA.
This study also has some limitations. First, the full-text articles reviewed were limited to English-and Chineselanguage studies, and that can introduce selection bias. A relevant article in French identified from the literature was not included in this study. 55 Nonetheless, we believe that the possibility of selection bias is reduced by the relatively large number of studies available in English and Chinese. In addition, previous studies demonstrated that excluding studies published in languages other than English generally has little effect on summary effect estimates. 56, 57 Second, not all included trials reported the results of intracranial hemorrhage or major bleeding, thus some comparisons between antiplatelet therapies for safety outcomes were not available. Third, all comparisons involving aspirin plus ticlopidine are tenuous, given that only 1 small trial was included in this study, and that may affect the stability of relevant results. Finally, most pairs for comparison included only 1 trial, and cilostazol versus aspirin has not been tested in non-East Asian patients, which might undermine the strength of our results to affect clinical practice.
In conclusion, based on this network meta-analysis, we suggested that long-term monotherapy was a better choice than long-term dual therapy and that cilostazol had the best risk-benefit profile for long-term secondary prevention after stroke or TIA. More high-quality trials in non-East Asian patients are needed to determine whether long-term use of Figure 6 . Pairwise meta-analyses comparing antiplatelet therapies on major bleeding. Squares represent point estimates for effect size expressed as an odds ratio, with the size proportional to the inverse variance of the estimate. Diamonds represent pooled estimates. Lines represent 95% CIs. Asp indicates aspirin; CI, confidence interval; Cilo, cilostazol; Clop, clopidogrel; Dip, dipyridamole; OR, odds ratio; Sarp, sarpogrelate; Teru, terutroban; Tic, ticlopidine; Trif, triflusal.
cilostazol is the best option for the prevention of recurrent stroke.
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